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Abstract:  High-speed injection die casting is an efﬁ  cient manufacturing technology for upgrading aluminum 
die-cast products. However, deﬁ  ciencies (such as die damage in early period) due to larger load on the molding 
die compared with conventional technology have brought new challenges. In this study, the cause of damage 
generated in super high-speed injection was investigated by the combination of experimental observation of the 
dies and CAE simulation (e.g. die temperature analysis, ﬂ  ow analysis and thermal stress analysis). The potential 
countermeasures to solve the above problems were also proposed.
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speed die casting signiﬁ  cantly reduces the die’s life and it requires 
extra efforts in die repairing. The cracks continuously grow 
even after the middle period of die life, and the repair of cracks 
is much more occasional for high injection speed casting. The 
objectives of this study are to clarify the mechanism of crack 
formation with a detailed observation and stress analysis using 
CAE, and to improve the die life for the high injection speed 
casting. Two casting conditions are investigated and compared 
in this study, as listed in Table 1.
Table 1 Casting condition of the investigated molds
Injection speed Metal pressure Clamping force Melt temp.
m/s MPa ton ℃
2.0 63 1,250 660
3.7 61 2,500 660
1 The comparison of crack appearance
1.1 Observation of mold surface
Firstly, cracks generated in the molds are precisely identiﬁ  ed 
and analyzed after colored by red paint penetrating in the 
cracks. Three designated areas have been identiﬁ  ed to describe 
crack distribution: (A) Over-flow side area where no crack 
exists; (B) Central area where smaller cracks exist; and (C) 
Gate runner area where quite large cracks exist, as shown in 
Fig. 2. Comparative observations of cracks in each classiﬁ  ed 
area for high injection speed and conventional injection are 
summarized in Fig. 3. 
No cracks in area (A) have been observed for both higher 
and lower injection speed die casting. Cracks are widely 
distributed in a hexagonal cell network of area (B) for the 
higher injection speed mold, only a few loosely separated 
cracks were found in the molds of lower injection speed. 
Aluminum inserts in these cracks increases the tendency of 
further growth (i.e. side warding of the cracks). However, 
R
ecently, manufacturing of high-quality die casting 
is rapidly advancing in order to reduce the weight 
of automobile parts against the environmental problems. 
Therefore, conventional high-pressure die casting process is 
being replaced with high injection speed die casting process. 
Castings produced with high injection speed die casting 
process have fine microstructure. Such favorable resultant 
solidiﬁ  ed microstructure is due to high cooling rate since the 
ﬁ  lling time of melt is quite short. Further, high speed process 
also results in high density and high quality of die casting 
products. 
On the other hand, molds for the high injection speed die 
casting are often damaged at the early stage comparing with 
conventional process. This is essentially caused by larger thermal 
and mechanical load. Figure 1 shows the comparison of the repair 
frequencies of the cracks in the molds between high injection-
speed die casting process and conventional one. Clearly, high 
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Fig.1 Inﬂ  uence of injection speed on the damage of mold281
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(a) Overﬂ  ow side
(a) Higher injection speed          (b) Lower injection speed
Fig.2 Distribution of cracks in the molds
    (b) Center of the mold cavity
    (d) Runner (magniﬁ  ed)
Fig.3 Observation of the mold surface under higher (a1-d1) 
and lower injection speed (a2-d2)
    (c) Runner
the denser crack network was seen in area (C) for the lower 
injection speed.
It is understood from above observations that the gate runner 
is the most severely damaged area for higher injection speed 
and the damage of the gate runner for lower injection speed is 
similar to the central area for the higher injection speed. For 
both injection speed conditions, mold damage increases in the 
areas close to the gate runner.
1.2 Observation of projections
The projections of the molds for both injection speed 
conditions are shown in Figs. 4 and 5, respectively. It is noted 
that widely-opened cracks are seen in the gate runner of the 
mold for higher injection speed, while such phenomenon was 
not observed in the molds at lower injection speed.
Penetration of aluminum is also seen in the crack as shown 
in the Fig. 5. Those widely-opened cracks are formed after the 
triangular fragment locating between root crack and branched 
crack drops out.
(a) Runner
(b) Ingate side
   (c) Overﬂ  ow side
Fig.4 Observation of the projection under higher (a1-c1) and 
lower (a2-d2) injection speed 282
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Fig.5 Projection of the mold runner for the higher injection 
speed (magniﬁ  cation of Fig.4(a1)) 
1.3 Penetration of aluminum in a crack
Comparison of aluminum penetration between two injection 
speed conditions is shown in Fig. 6. Apparently, aluminum 
penetration for higher injection speed is deeper than that for 
lower injection speed, although the crack width is similar. 
Fig.6 Width of the cracks and depth of the aluminum 
penetration at runner
1.4 Distribution of hardness 
Hardness survey of the gate runner region is performed to 
investigate the materials softening during the formation of 
severe cracks. Results are shown in Figs. 7-10. Initial hardness 
of the mold is also included for reference. Softening of 
material near cracks (formed during casting) is evidenced in 
both conditions.
Figure 11 summarizes the softening depth in each classified 
area for both casting conditions. As expected, the most severe 
softening occurs in the gate runner for the higher injection speed.
2 Estimation of the crack propagation 
mechanism in high injection speed 
die casting
It can be concluded from the previous experimental 
observation and analysis that the major problems for dies in 
Fig.8 Combination of crack appearance and hardness 
proﬁ  le
Fig.7 Hardness proﬁ  le at runner
Fig.9 Hardness proﬁ  le at the mold cavity in the ingate side283
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Fig.10 Hardness proﬁ  le at the mold cavity
Fig.11 Local depth of the softened area
higher injection speed die casting are caused by the widely-
opened cracks. Therefore, focus is paid to investigate the 
mechanism and growth of the widely-opened cracks at runner 
region in the subsequent sections. For the ﬁ  rst approximation, 
cracks are induced by the unbalanced localized stress and 
mechanical property variation (due to a temperature field). 
Figure 12 shows the estimated mechanism of widely-opened 
crack propagation. 
Fig.12 Crack propagation mechanism
3 Inspection of the crack propagation 
mechanism in the higher injection 
speed die casting with CAE
The propagation and growth of widely-opened cracks are 
predominantly influenced by the thermal stress and the 
softening effect. Here, the local temperatures and thermal 
stresses of the dies were investigated with numerical 
simulation.
3.1 Simulation method
The local die temperatures and thermal stresses during die 
casting process were calculated by using of a software package 
of “CAPCAST” (EKK Japan).
The calculation proceeded as follows:
Firstly, ten times cyclic solidiﬁ  cation analysis was performed 
in order to achieve a stable working condition. The practices 
of die surface cooling and lubricant spray were also considered 
(treated as new boundary conditions and included into the 
simulation). The calculated temperature distribution from last 
cycle was used as the initial conditions for subsequent flow 
analysis.
The simulation of high-speed injection was completed in 
ﬂ  ow analysis. Subsequent solidiﬁ  cation is coupled with ﬂ  ow 
analysis to calculate ﬁ  nal temperature distributions in dies. 
Once the temperature distributions became available, 
thermal stress distribution after each time step could then be 
quantitatively estimated.
The whole geometry of dies could not be calculated in a 
single thermal stress analysis because of the limitation of the 
computer memory. Instead, we divided the dies into small 
volumes and calculated the thermal stresses for local geometry 
models.
3.2 Simulation results
(1) Temperature distribution and softening
Table 2 shows the calculated maximum and average 
temperatures for three different locations: the runner, center 
of cavity and the opposite to the ingate. Both maximum and 
average temperatures are higher in runner area than anywhere 
else. It is anticipated that high temperature caused the major 
softening at runner areas.
Table 2 Local die temperature in higher injection speed, ℃ 
Position Runner Center of the cavity Opposite to the ingate
Average 241.1 185.4 215.0
Max. 354.0 293.3 276.0
(2) Thermal stresses
Figure 13 shows the calculated thermal stresses. It can be seen 
that the tensile stresses in the center of the cavity is vanished 
because of the surface cooling (Fig. 13(b)). On the other hand, 
the tensile stresses in the runner area are not observed because 
the surface is not cooled by spray (Fig. 13(a)). 
It is also illustrated that the maximum temperature in the 
runner is much higher than all other areas, and the calculated 
stresses in the runner area are dominated by significant 284
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(a) Runner
(b) Center of cavity 
(c) Opposite side of ingate
Fig.13 Die temperature and thermal stress calculated from 
ﬁ  nite element method
compressive stress. These results (i.e. high temperature and 
high compressive stresses) are in accordance with the observed 
widely-opened cracks formed in the runner area.
4 Modeling crack propagation in high 
injection speed die casting
A brief summary of our investigations on crack formation in 
higher injection speed die casting concludes as follows:
(1) Penetration of Al occurred more frequently in higher 
injection speed die casting than that of the conventional die casting. 
(2) Softening occurred in the runner area.
(3) Small cracks branched from the main cracks.
(4) The propagation of blanched cracks caused the ﬂ  aking of 
the die surface.
(5) The branching of the cracks occurred under high 
compressive thermal stresses. 
Based on the above experimental observations and 
numerical simulation analysis, a mechanism for crack 
formation and growth in higher-injection speed die casting 
was proposed. Considering contributions from both thermal 
ﬁ  eld and alteration of tensile/compressive stress ﬁ  eld, Figure 
14 shows the schematic of crack propagation process in high-
speed injection die casting.
Fig.14 Crack propagation mechanism
5 Extension of the die life in high-
speed injection die casting
The widely-opened cracks are frequently formed in high speed 
injection die casting, and they are attributed to the softening, 
Al penetration and compressive stress of the mold during die 
casting cycles. Therefore, the countermeasures to extend the 
life of the high-speed injection dies can be rationalized as 
follows:
(1) Replace the die materials (especially the runner part) 
with material of high softening resistance.
(2) Die surface treatment to delay the initial crack 
generation. 285
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Table 3 lists the countermeasures for improving die life.
Table 3 Countermeasures to improve die life 
Before countermeasure After countermeasure
Die steel H13 High grade H13 steel
Surface treatment None Nitrating
6 Effect of the countermeasures on 
high injection speed die casting
The effects of the countermeasures on cracks were investigated 
by comparing the damages on the molds.
Figure 15 shows the effects of countermeasures on crack 
propagations. In the center of the cavity, the number of the 
heat checks decreases. But in the runner area, the area which 
cracks distributed became smaller than that before taking 
countermeasures, the widely-opened cracks still exist.
   (a) Center of the cavity    
(b) Around the cavity
Fig.15 Improvement of die life under high injection speed 
casting before countermeasure (60,422 shots) (a1), (b1) 
and after countermeasure (61,793 shots) (a2), (b2)
Figure 16 shows the number of repairs caused by the cracks. 
After taking the countermeasures, the number of repairs in higher 
injection speed die casting has signiﬁ  cantly decreased. However, 
the number of repairs is still larger than that of conventional 
die casting. It can also be indicated from Fig. 12 that crack 
propagation and/or growth stabilizes after the middle of the die 
life for the conventional die casting, but it continues to grow 
in case of the high injection speed die casting no matter if 
countermeasures applied.
Fig.16 Number of repairs after taking countermeasures
7 Conclusions
(1) The widely-opened cracks are observed mainly in the 
runner for both conventional and high-speed injection die casting.
(2) The growth of cracks in the runner is attributed to both 
high-temperature induced softening and flow/solidification 
induced compressive stress.
(3) The softening is remarkable in the runner.
(4) The branching of the cracks caused the generation of 
widely-opened crack.
(5) The number of repair of high injection speed die casting 
die is larger than that of the conventional die casting.
(6) The metal which penetrated into a crack promotes the 
growth of the crack.
(7) The resistance for softening and surface treatment are 
effective in eliminating the heat check.